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In a recent Letter, Han et al. [1] investigated the effects
of finite temperature and spin on the de Haas-van Alphen
(dHvA) oscillation in the two-dimensional model, where
the closed orbit and open orbit exist. They obtained the
effective mass from the fitting of the ge-dependence of
these FTAs with the damping factor,
Rs = cos(ppigem
∗/2me), (1)
expected from the semiclassical description based on the
Lifshitz-Kosevich formula [2]. In this Comment we ar-
gue that since the damping factor Eq.(1) is obtained for
the system with fixed chemical potential µ, it is not ap-
propriate for the system with the fixed electron number
N , although the estimation of m∗ is the same. We also
call attention that the spin does not reduce all FTAs but
enhances some amplitudes in the system with magnetic
breakdown. This interesting effect of spin [3] is seen in
Fig. 6 of Ref. [1] but it was not mentioned.
For simplicity we first consider the two-dimensional
free-electron system. In the case of fixed µ, the mag-
netization oscillates as a ‘saw-tooth’ given by [2],
M
βN0
= −
∞∑
p=1
sin
(
2pip
(
µ
βH
− 1
2
))
pip
, (2)
where β = eh¯/m∗c is a double Bohr magneton with ef-
fective mass and N0 is the total number of electrons at
H = 0. When the spin-splitting is taken into account,
the dHvA oscillation is just the sum of the contributions
from spin-up and spin-down electrons with the phase
shift of ±gem
∗/4me, as shown in Fig. 1(a), resulting
in the damping factor Eq.(1). In the fixed N case, on the
other hand, the magnetization for ge = 0 is given by [2],
M
βN
=
∞∑
p=1
sin
(
2pip N
2ρβH
)
pip
, (3)
where ρ is the density of states for each spin at H = 0.
When the spin-splitting is considered, the chemical po-
tential jumps between a spin-up Landau level and a spin-
down Landau level when N/2ρβH is integer or integer
plus 1/2. As a result, ∓2(gem
∗/2me − [gem
∗/2me]),
where [gem/2m0] is the integer part of gem/2me, is
added to M/βN when n < N/2ρβH < n + 1/2 or
n+1/2 < N/2ρβH < n+1, respectively, as shown in Fig.
1(b). This modification of the magnetization is written
by the damping factor as [3,4],
RNp =
{
|1− 2(gem/2m0 − [gem/2m0])| for odd p
1 for even p
. (4)
Only for the fundamental frequency (p = 1), the peri-
ods of the damping factor with respect to ge for fixed µ
(Eq. (1)) and fixed N (Eq.(4)) are the same. The ge-
dependence of the peak amplitude in Fig. 6 of Ref. [1]
was fitted with the cosine curves (Eq.(1)), but it (espe-
cially for fα) can be fitted better with Eq.(4).
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FIG. 1. Magnetization as a function of the inverse mag-
netic field. (a) µ is fixed. (b) N is fixed. Thin and thick lines
are the magnetization for ge = 0 and ge 6= 0, respectively.
The enhancement of the peak amplitude due to spin
is seen for the fβ+α and f2α in Fig.6 of Ref. [1]. The
enhancement of fβ+α has been reported previously [3],
where slightly simpler but essentially the same model is
studied. We interpreted the enhancement of the ampli-
tude as the result of incomplete cancellation between the
effects of the chemical potential oscillation and magnetic
breakdown [3]. We also observe the enhancement of the
β + 2α oscillation [3]. The ge-dependence of the 2α os-
cillation in Ref. [1] is different from our result [3]. This
difference may be due to the choice of parameters in the
calculations.
In summary, the damping factor (Eq.(1)) which is com-
monly applied to analyze the effects of spin, should be
used carefully. In the system with magnetic breakdown,
some Fourier amplitudes are enhanced by spin.
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